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POSTIMPOUNDMENT  SURVEY  OF 


WATER-QUALITY  CHARACTERISTICS  OF  RAYSTOWN  LAKE, 
HUNTINGDON  AND  BEDFORD  COUNTIES,  PENNSYLVANIA 


By  Donald  R.  Williams 


ABSTRACT 

Water-quality  data,  collected  from  May  1974  to  September  1976  at 
thirteen  sites  within  Raystown  Lake  and  in  the  inflow  and  outflow  channels, 
define  the  water-quality  characteristics  of  the  lake  water  and  the 
effects  of  impoundment  on  the  quality  of  the  lake  outflow.  Depth- 
profile  measurements  show  Raystown  Lake  to  be  dimictic,  with  two  overturn 
periods  annually — one  in  the  spring  and  one  in  the  fall.  Thermal 
stratification  is  well  developed  during  the  summer. 

Generally  high  concentrations  of  dissolved  oxygen  throughout  the 
hypolimnion  during  thermal  stratification,  low  phytoplankton  concentrations, 
and  small  diel  fluctuations  of  dissolved  oxygen,  pH,  and  specific  conductance 
indicate  that  the  lake  is  low  in  nutrients,  or  oligotrophic . Minor 
vertical  changes  in  pH  were  due  mainly  to  variations  in  the  carbon 
dioxide-bicarbonate-carbonate  equilibrium.  The  comparatively  low  nutrient 
content  and  minimal  littoral  area  tend  to  reduce  the  growth  of  nuisance 
aquatic  vegetation.  Algal  assays  of  surface  samples  indicate  that 
orthophosphate  was  a growth-limiting  nutrient.  The  settling  of  fine 
sediment  and  a decrease  in  the  phytoplankton  biomass  result  in  increasing 
water  transparency  from  the  head  of  the  lake  to  the  dam.  Chemical 
analyses  of  the  lake  waters  in  contact  with  the  bed  material  indicated 
no  potentially  toxic  concentrations  of  metallic  ions. 

X 

The  diatoms  (C.hrysophyta)  were  the  dominat  phytoplankton  group 
found  throughout  the  study  period.  Green  algae  (Chlorophyta)  and  blue- 
green  algae  (Cyanophyta)  were  also  found.  The  lake  waters  contained 
very  low  populations  of  zooplankton.  Fecal  coliform  and  fecal  streptococcus 
densities  measured  throughout  the  lake  indicated  no  potentially  dangerous 
areas  for  water-contact  recreation. 
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I'lio  most  apparent  i'l  t mi  t li.it  tin’  impoumlmont  hail  on  w.it  or  iju.ilitv 
was  tin-  removal  ot  nutrients,  part  ieularlv  ort hophosphat o , through 
plivt  oplankt  on  uptake  ami  soil  intent  iloposit  ion.  Measurable  amounts  ot 
on  hophosphat  o woro  prosont  in  SO  pore out  ot  t ho  samp  1 os  oot  loot  oil  at 
thi'  inflow,  but  on  l v in  10  poreont  ot  t ho  samp  l os  oo  11  oot  oil  at  t ho 
outflow.  Although  t omporat  in  o,  ilissolvoil  oxvy.on,  ami  pll  varioil  l hrouy.hout 
t ho  lake,  their  values  at  t ho  out t low  woro  very  similar  to  thoso  at  t ho 
inti ow  t o t ho  1 a ho . 


INTKOOl’mON 
Hut  pose  ami  Si'iipo 

This  report  is  t ho  post  impoumlmont  ovaluat  ion  ot  t ho  quality  ot 
Kavstowu  l.ahi'  ami  supplomonts  t ho  author's  pro  impoumlmont  stmlv  (Williams, 
l'>7t0.  Sol  oot  oil  phvsloal,  ehomical,  ami  biological  oharaot  or  ist  ios  ot 
t ho  lako  wore  Hot  ormi noil  por  (oil  ioa  1 1 v , as  was  t ho  ot  foot  of  impoumlmont 
on  st  roam  quality  immi'il  iat  o l v bo  low  t ho  ilam.  Dot  ortu  inat  ions  ot  wafer 
temperature,  ilissolvoil  oxyyou,  pH,  spirit  io  oomluetanoo,  alkalinity,  ami 
t ooa  1 eotlform  ami  feoal  st  ropt  ooooous  baotoria  oounts  woro  mailo  in  the 
tiolii,  ami  Hot  erminat  ions  ot  organic  nitroyon,  ammott  itim-n  i t roqott , nitrate- 
nitroi’.on,  total  or  t hophosphat  o as  phosphorus,  total  phosphorus,  total 
organic  oarbon  (TOt'l  , ami  motallio  ion  oonoont  rat  ions  in  the  laboratory. 

1 nst  ant  anoous  il  t so  hary.es  ot  inflow  ami  outltow  woro  oblainoil  at  I’SilS 
pay.  inp  stations.  Determinations  of  Sooohi  ilise  t ransparone  ios,  aly.al 
p.rowth  potential  (At.Tl,  efilorophy  1 1 am!  plankton  iilent  i t ioat  ion  woro 
mute  onlv  at  lako  sites. 

bar ki\rouml  Intormat  ion 

i'oii;  t tin  t ton  ot  Kavstowu  l.tko  was  authorieoil  bv  the  Dnitoil  States 
Klooil  t'onttol  Art  ot  l°t’.'.  The  ilam  was  eomplotoil  in  October  1°71,  ami 
tlio  lako  t i 1 l oil  to  its  normal  pool  elovat  ion  f.’-iO  ml  on  March  (',  1'>7S. 


Kavstowu  Dam  is  a roll  oil,  earth  ami  roekt  ill  embankment  MS  m lony, 
ami  . 0 m hiy.h.  A pat  oil  ami  an  uupat  ml  spillway  are  neat  the  t ipht 
abutment.  font  release  levels  in  the  y.atoil  soot  ion  have  inverts  at 
olovnt  ions  .''1,  anil  '■<  m (spillway  crosO  . A tunnel  beneath 

the  uni'.at  oil  spillwav  permits  ilisoharpo  t ront  elevation  IM'  m. 


The  ilam  is  roy.ulatml  to  roiluoo  tlooillnp  il  own  st  roam,  to  maintain 
minimum  t lows  ootuluo  i\ o to  est  ab  1 i shiny,  ami  maintaining  ilownst  t earn 
t ishorios,  to  prov  ulo  .i  minimum  out  t low  ot  '.OS  in'  s,  ami  to  maintain 
pool  levels  in  the  lako  I'omlm'tvo  to  ponoral  outiloor  rorroat  ion  use  ami 
o ;t  hot  io  values.  An  out  t tow  ot  loss  than  /.OH  mV  s ooutil  result  in 
sipnificnut  ailverse  attoots  to  the  ilownst  loam  aquat  io  oommunitv.  Moibrato 
ii:  awilown  in  tin'  lake  mav  oeeur  Out  i no,  main  too  ro.it  ion  seasons  ami  as 


. • m ot  iltawilown  ran  bo  expert  Oil  onoo 


' \ oa  l s 


Ray  st own  t.ake  supports  a variety  ol  recreat  ional  activities, 
including  boating,  t ishing,  water  skiing,  hunting,  camping,  and  swimming. 

Hie  elevation  ot  the  reel  eat  ion  pool  ot  Kay  st  own  lalke  is  240  m 
above  mean  sea  level.  This  pool  has  a surtace  area  of  3,  IbO  luir  , a 
shoreline  of  1 '■•0  km,  and  it  extends  48  km  upstream  from  the  dam.  The 
elevation  ot  the  flood-control  pool  is  247  m above  mean  sea  level.  It 
has  a surtace  area  of  t,)70  hue  and  extends  14  km  upstream  from  the  dam. 

The  total  storage  capacity  of  the  lake  at  recreation-pool  elevation  and 
at  t lood-cont rol-pool  elevation  vs  b!4  hm ' and  937  lmi ' , respectively. 

DESCRIPTION  OF  STUDY  ARF.A 

Raystown  Lake  is  on  the  Raystown  Branch  Juniata  River  in  Huntingdon 
and  Bedford  Counties,  south-central  Pennsylvania.  (See  tig.  1.1  The 
dam  is  about  b.4  km  southeast  of  the  town  of  Huntingdon  and  S.S  km  above 
the  confluence  ot  the  Raystown  Branch  with  the  Juniata  River.  The  dam 
controls  the  drainage  from  24‘H)  km-,  most  of  which  is  wooded  and  only  a 
small  part  of  which  is  cultivated.  In  addition  to  the  Raystown  Branch, 
seven  other  tributaries  to  the  lake  have  perennial  flow.  Hawns  Run, 

James  Creek,  Coffee  Run,  and  Sivy  Beaver  Creek  flow  into  the  west  side  ot 
Raystown  hake  at  b.4,  30.6,  40.2,  and  44.2  km,  respectively,  above  the 
dam.  Croat  Trough  Creek,  Tatraan  Run,  and  Slvoup  Run  flow  into  the  east 
side  ot  Raystown  hake  at  31.4,  32.2,  and  48.3  km,  respectively,  above 
the  dam. 

Raystown  hake  is  in  the  Valley  and  Ridge  section  of  the  Appalachian 
Highlands  physiographic  province.  Raystown  lake  is  bounded  by  the 
Tortace  Mountain  range  on  the  east  and  the  Allegrippls  Ridge  on  the 
west.  The  lake  is  underlain  principally  by  Devonian  shale  and  sandstone. 

The  easternmost  bay  areas  of  the  lake  occasionally  cross  onto  the  Mississippian 
l’ocono  Sandstone.  The  dendritic  embavments  on  the  western  shore  overlie 
hower  Devonian  shale  and  the  Helderberg  Formation. 

Soils  of  the  Raystown  hake  area  are  predominantly  of  the  Barbour, 

Philo,  and  Basher  series  (U.S.  Dept,  of  Agriculture,  19723,  which  are 
highly  fertile  and  of  silt-loam  and  sandv-loam  textures.  These  soils 
are  classified  as  deep  and  moderately  well  drained. 

The  climate  is  continental-temperate,  and  the  average  annual 
temperature  is  10.5°C.  The  highest  annual  temperature  usually  occurs  in 
July  or  August,  and  the  lowest  in  December  through  February.  The  average 
annual  precipitation  is  mm;  the  greatest  amount  of  monthly  precipitation 
usually  occurs  in  July  (U.S.  Dept,  of  Commerce,  19713.  The  average 
annual  evaporation  from  the  lake  surface,  as  estimated  from  a U.S. 

Weather  Bureau  publication  by  Kohler  and  others  (19593,  is  737  mm. 

Prevailing  winds  are  from  the  west  in  fall,  winter,  and  spring  and  from 
the  southwest  during  summer. 
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Table  1.- 

-Data-col lect ion  sites 

Station  No. 

USGS  Reference  No. 

Distance  above 
the  dam  (km) 

Station  Name 

1 

01562000 

62.3 

Raystown  Branch  Juniata 

River  at  Saxton,  Pa. 

9 

401842078105301 

39.9 

Raystown  Lake  near 

Entriken,  Pa. 

3 

402117078082501 

29.8 

Raystown  Lake  near 

Marklesburg,  Pa. 

4 

402246078034201 

17.9 

Raystown  Lake  near 

Hesston,  Pa. 

5 

402535078014701 

5.6 

Raystown  Lake  near  P 

Huntingdon,  Pa. 

6 

01563200 

1/  1.6 

Raystown  Branch  Juniata 

River  near  Huntingdon,  Pa. 

2A 

- 

39.1 

Raystown  Lake  at  Coffee 

Run  inlet. 

I 28 

- 

43.3 

Raystown  Lake  just  above 

Shy  Beaver  Creek  inlet. 

3A 

- 

29.0 

Raystown  Lake  at  Trough 

Creek  inlet. 

3B 

- 

28.3 

Raystown  Lake  at  James 

Creek  inlet. 

4A 

- 

18.7 

Raystown  Lake  near  Seven 

Points  Recreation  Area. 

4B 

- 

16.6 

Raystown  Lake  at  small 
cove. 

4C 

- 

19.6 

Raystown  Lake  near  swimming 
beach  area. 

5A 

- 

0.2 

Raystown  Lake  near  tunnel 
intake. 

- 

0.0 

Raystown  Branch  Juniata 

River  at  tunnel  outlet. 

below  the  dam. 

L__ 

5 

A 

DATA-COLLECTION  SITES 


Table  1 and  figure  1 give  the  name  and  locations  of  all  data- 
collection  sites.  The  main  inflow  site  (site  1)  was  at  the  USGS  gaging 
station  on  Pennsylvania  Route  913  at  Saxton,  Pennsylvania,  about  3.2  km 
upstream  from  the  lake.  The  outflow  site  (site  6)  was  at  the  USGS  gaging 
station  1.6  km  downstream  from  the  dam.  Prior  to  October  1,  1969,  this 
gaging  station  was  at  Hawns  bridge,  7.2  km  upstream  from  its  present 
location. 

The  four  principal  lake-sampling  sites  (5,  A,  3,  2)  were  5.6,  17.9, 
29.8,  and  39.9  km,  respectively,  above  the  dam. 

During  the  last  6 months  of  sampling,  fecal  coliform  and  fecal 
streptococcus  bacteria  counts  were  made  at  three  additional  lake  sites; 
the  Seven  Points  swimming  beach  area  (site  AC),  Coffee  Run  inlet  (site  2A) , 
and  James  Creek  inlet  (site  3B).  In  the  last  two  months  of  sampling, 
lake-profile  data  were  collected  at  five  additional  sites  (2A,  2B,  3A, 

AA,  AB) . Samples  for  metallic-ion  analyses  were  collected  from  water 
near  the  lake  bottom  just  above  the  dam  (site  5A)  and  from  the  tunnel 
outflow  (site  6A) . 


SAMPLING  FREQUENCY  AND  METHODS 

Sampling  at  the  inflow,  outflow,  and  the  four  main  lake  sites  was 
generally  conducted  bimonthly  from  May  197A  to  March  1976  (except  in 
January  1976)  and  monthly  from  May  through  September  1976. 

On  July  20  and  21,  1976,  a diel  study  of  bihourly  fluctuations  in 
temperature,  dissolved-oxygen  concentration,  pH,  and  specific  conductance 
in  the  vertical  profile  was  made  at  site  A.  Sampling  began  at  1800  hours 
on  July  20  and  ended  at  1600  hours  on  July  21. 

Periodic  temperature  measurements  were  made  using  a calibrated, 
handheld  thermometer.  Specific  conductance  and  pH  were  measured  using 
standard  meters.  Alkalinity  was  determined  immediately  after  sample 
collection  by  titration  with  0.01639  _N  sulfuric  acid  to  a pH  of  A. 5. 
Dissolved-oxygen  concentration  was  determined  by  the  Winkler  method,  as 
described  by  Brown  and  others  (1970).  Vertical  lake-profile  measurements 
were  taken  with  a Yellow  Springs  Instrument!/  temperature-dissolved- 
oxygen  meter  between  May  197A  and  May  1975,  and  with  a NERA  Environmental 
Monitor  between  July  1975  and  September  1976.  Because  of  lake  instability 
during  the  filling  process,  only  profile  data  collected  after  February 
1975  are  used  in  the  discussion. 


2/  The  use  of  brar.H  names  in  this  report  is  for  identification  purposes 
only  and  does  not  imply  endorsement  by  the  U.S.  Geological  Survey. 
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Laboratory  chemical  analyses  of  water  were  made  using  the  techniques 
described  in  Brown  and  others,  (1970).  The  AtH’  was  determined  using 
methods  described  by  Shoal’  and  Lium  (1975).  Plankton  samples  were  collected 
with  a messenger-tripped  lucite  water-sampling  bottle.  Kach  plankton 
sample,  collected  at  a depth  of  2 m,  consisted  of  3 1.  of  water  that  was 
filtered  through  a Wisconsin-type  plankton  net  and  preserved  with  a standard 
merthiolate  (Weber,  1973)  solution.  Concentrations  of  sanitary  bacteria 
were  determined  by  the  membrane  filtration  method,  as  described  by  Slack 
and  others  (1973).  Light  penetration  in  the  lake  was  measured  with  a 
Secchi  disc  having  a diameter  of  203  mm  (Welch,  1948,  p.159). 


PHYSICAL  AND  CHEMICAL  DATA 


Dept  li-Prof  i 1 c-Hcasurement  s 


Temperature 

Temperature  is  Important  to  the  chemical  reactions  and  biological 
processes  that  occur  in  lake  waters.  From  the  temperature  data  collected, 
Raystown  Lake  can  be  classified  as  a dimictic  lake,  or  one  having  two 
overturns  each  year,  one  in  spring  and  one  in  autumn.  Thermal  stratification 
was  direct  in  summer,  but  profile  measurements  taken  in  January  1973  Indicate 
that  inverse  thermal  stratification  will  occur,  particularly  when  the  lake 
surface  is  frozen. 

In  March  1975  and  again  in  March  1976,  water  temperatures  from  the 
surface  to  the  bottom  of  the  lake  were  nearly  homothermous.  In  May  1975 
t lie  temperature  gradually  dropped  from  24.5°C  to  6.5°C  from  the  surface  to  a 
depth  of  15  m.  From  15  m to  the  lake  bottom,  the  temperature  remained  near 
6.5°C.  In  May  1976  from  the  surface  to  a depth  of  15  m,  the  temperature 
decreased  from  15.0°C  to  7.0°C,  and  from  15  m to  the  bottom  the  temperature 
dropped  2.0°C.  Temperature  profiles  taken  in  May  of  1975  and  1976  indicated 
that  thermal  stratification  had  begun.  In  July  1975  and  again  in  July  1976, 
thermal  stratification  was  well  developed  throughout  the  lake.  In  July  1975 
temperatures  from  the  surface  to  a depth  of  about  5 m (the  epilimnion) 
varied  by  only  2.0°  or  3.0"C.  From  a depth  of  5 m to  about  9 m (the 
metal imn ton) , temperature  declined  12°C.  From  a depth  of  9 m to  the  bottom 
(the  liypol  Lnnion) , the  temperature  decline  was  again  gradual.  Thermal 
stratification  was  well  established  aguln  in  July  1976,  but  the  depth  and 
thickness  of  the  metalimuion  was  different.  Summer  thermal  stratification 
probably  will  be  an  annual  event  in  Raystown  Lake,  but  because  of 
climatological  factors,  such  as  wind  action,  light  absorption,  air 
temperature,  and  variations  in  the  level  of  release  from  the  dam,  the 
timing  and  degree  of  stratification  will  vary  from  year  to  year. 
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EXPLANAT  ION 

Temper  o lure 

Dissolved  oxygen 


figure  ' . — Temporal  lire  and  d Issolved-oxygon  profiles  tit  lake  site  7 
111  Si'pt  ember  l‘>7S  ami  .lulv,  August  , Sept  ember , ll>7t>. 

A sharp  decline  lu  the  oxygen  concent  rat  Ion  in  the  metal  Itmilon  amt 
then  an  Increase  In  the  oxygen  throughout  t he  hypo  l Imnion  was  observed 
item  the  Jepth-proflle  data.  Tills  rendition  oeenrred  in  .lulv.  Sept  ember, 
and  November,  I ‘>75  and  ana  In  in  August  and  September  ot  l‘>7t>;  it  was 
most  apparent  at  the  two  deepest  lake  sites,  •*  and  S,  although  It  did 
oeem  t v some  extent  at  sites  7 and  1,  figure  7 illustrates  the  metalimni 
oxvgen  minimum  observed  at  site  N in  duly  and  November  l‘)7S.  The  settling 
veloeitv  ot  dead  plankton  and  other  organ le  matter  through  the  opt  limn  ion 
was  redueed  bv  the  voider,  more  dense  water  in  the  hypol  imnion.  because 
their  deseent  was  slowed,  a rone  ot  aeeumulatlon  resulted,  and  the 
plankton  and  other  organic  material  were  decomposed  bv  bacteria  and 
removed  oxygen  from  the  metal  Imnion.  Hutchinson  (1‘>V7,  p.  refers 

t o this  type  ot  an  oxygen  curve  as  a negat ive  heterograde  curve. 
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I'll 

I'lu'  react  ion  ot  dissolved  carbon  dioxide  in  water,  represent  ed  l>  v 
tlif  three  equations  below.  Is  one  ot  (lie  most  important  reactions 
attectlng  pH;  tills  reaction  torins  the  basis  tor  the  discussion  ot  pll  in 
Kaystowu  l.ake. 

llOi  (aq)  t Hal'  — * H >1‘0  ( (aql  ( l ) 

H .III'  , l aq)  -*  H+  + HUO  U’) 

HCO  r — * H+  + HO  ( t> 

The  pH  Is  Inversely  proportional  to  the  hydrogen  Ion  ill*-)  concent  rat  Ion. 

In  practically  every  place  where  water  is  neither  very  no  id  or  very 
alkaline,  as  in  Kavstown  l.ake.  It  may  be  assumed  that  the  pH  is  regulated 
bv  this  cat  bon  dioxide  (i'0>)  - bicarbonate  (Ill'll  - carbonate  (CO  t-- ) 
system.  (Hutchinson,  l‘>‘>7,  p.  bS.’.l 

The  pll  range  in  Kaystowu  lake  was  ti.S  to  S.S.  The  higher  pll  values 
( ’b.t",  which  were  generally  measured  in  the  upper  ‘>  m ot  the  lake,  wet  e 
atti  United  to  phot  osynt  liet  ic  activity.  1'he  photosynthetic  process 
requ  i res  carbon  illiixiiit*.  A decrease  in  carbon  dioxide  produces  a decrease 
m the  hydrogen  ion  concent  rat  Ion  and  an  increase  in  pH.  (See  equal  tons 
1,  , and  The  vert  ical  dlstribut  ion  ot  pH  in  Kaystowu  l.ake  is 

determined  by  the  utilization  ot  carbon  dioxide  in  the  trophogeuic  cone 
and  the  liberation  ot  carbon  dioxide  in  the  tropholvtic  /.one.  i'rom  the 
lake  sin  lace  to  the  bottom  ot  the  trophogeuic  cone,  light  penetration 
and  photosynthesis  gradually  decreases,  causing  a slight  decrease  in  pH. 

In  the  ttopholytic  /one,  decompos  i t ion  and  respiration  product's  carbon 
dioxide,  maintaining  the  lower  pll. 

I'uriug  summer  stagnat  ion  periods,  the  vert  leal  dlstribut  ion  ot 
carbon  dioxide  and  bicarbonate  is  ot t en  roughly  the  inverse  ot  the  oxygen 
distribution  (Hutchinson,  ll'S7,  p.  t<Sl>')  . This  explains  the  sudden  drop 
In  pH  associated  with  the  metal imnic  oxygen  miulmums  observed  in  duly, 
September,  and  November  1‘>/S  and  August  and  September  l‘>7b. 


Spin  l t 10  I'oil.lllOt  atlOO 


llii'  avotago  spoi  lt  to  uomluot  anoo  ot  tin-  suttaou  walots  ot  Knvstown 
lako  vt  Ig.  '•  ^ l iMst'tl  t OW^ll  vl  t tu*  Ollt  l low.  As  1 hi*  W.lt  or  J'.i.hm*;;  t hloii^li 

tho  lako,  t hi*  pity  1 1>[>  I aukt  on  ami  efoop  lank!  i>n  I*M  1,-iit  null  louts  an. I .»[  tn*i 
tnotgant.  suhst  am*  os , whloh  ill*.*  I cast's  tin*  total  Ion  oono out  t at  ton,  ami 
oonso.|uont  Is  .li*.  t oasos  spo.  1 1 t.*  oon.luot  atioo.  ihoinloal  piootpltut  ton  i *. 
also  a I ,t.  tot  that  mas  .'.ml  t t hut  o to  t ho  ilooroaso  in  spool!  lo  . on. In.  t an.  o 
l tout  int  lot.  to  outflow.  An  inoioaso  In  spoilt  lo  ooniluo  t ano  o t t out  tho 
lako  smtaoo  to  t hi*  hot  tom,  a*,  normal Iv  oovurs  tu  iloop  st  rat  it  l oil  lakos, 
was  not  obsorvoil.  A gia.luat  .looioaso  was  ohsotvo.l  t t out  t ho  lako  nuilaoo 
t .■  tho  hot  tom.  A posslhlo  osplattat  ton  tot  this  .'ivutton.'t*  is  t liat  most 
ot  t hi*  hypo  l imnot  l.  watots  In  Kasstown  lako  ati  t hi  ool.l  tnt  lows  ot 
wintoi  att.l  spring.  those*  Inflows  ato  usually  highot  In  volutin*  anil  havo 
lowot  spool!  lo  oon.hu  I .moo.  tho  waimot  l ow-vo  1 unto , high  spool!  to- 
. otiilii.  t unoo  Int  lows  ot  sttiiuttoi  anil  tall  s>' i l l t ott.l  to  spioail  aotoss  tho 
stntuoo  ot  tin*  lako,  thus  sotting  up  tho  Involtoil  spoo  i t lo-ooiuliio  t aiu*o 
pt  ot  ill*. 


IVpth-ptol  llo  moastit  I'tuoiil  s t akon  at  t ivo  a.l.llt  tonal  lako  sitos  lit 
August  anil  Sopt  omhot  luilloato.l  that  prof  llo  oharaot or  1st  ios  at  t host 

sttos  woto  similar  to  tho  plot  llo  oharaot  or  1st  los  ot  tho  main  boilv  ot  tho 

1 .t  ki*  • 


o' 


I iguro  s. — Kango  i<l  spoo  It  lo  ooiuluot anoo  ot  tho 
tut  low,  out  flow,  attil  lako  stutaoo. 


1'  i i'  1 Mt'.isui omont 


i'ii  Inly  JO  .uul  Jl,  197t',  did  I luct uat  ions  of  t eraperat  uro , dissolved 
oxygon,  pH,  and  spec  i t io  conduct  ance  wore  measured  .it  l.iki  sito  •'».  I’rot  i 1 e 
measurement  s wore  t.ikon  every  J hours,  start  ini;  .it  18(H)  hours  on  .lulv  JO 
and  oniiiny,  at  InOO  hours  on  .lulv  Jl.  Woat  hoi  conditions  at  t ho  start  ol 
t ho  did  study  woro  normal  tor  t ho  mouth  ot  .lulv,  and  rluai  skit-.,  warm 
t oiuporat u r os , and  a southwesterly  wind  ot  1 0 mpk  prevailed.  Throughout 
the  uif, lit,  t ho  winds  woto  calm  and  the  air  temperature  mild.  At  dawn  on 
July  Jl,  and  until  1T00  hours,  the  winds  woro  calm,  temperatures  mild, 
and  tin'  sky  was  tia.iy  and  ovotcast.  At  1400  hours  on  .lulv  Jl,  a light 
d r ic  c 1 e st  art  od  to  fall. 

I'iel  tluctu.it  ions  were  scant  areally  and  with  depth  throughout  the 
.'••-hour  period.  hake-  sti  r face  temperatures  varied  bv  onl\  1.0‘V,  i rotii 
a maximum  ot  J4.V'p  to  a minimum  ot  Ji.W.  At  depths  gio.it  or  than 
1 m,  the  temperature  remained  relatively  constant  throughout  the  '.-hoiii 
period.  The  dissolved  oxygen  concent  rat  ion  ot  the  suit. ice  water  varied 
by  onlv  ('..’  mg/l  l row  '*.'  mg/1,  at  JOOO  hours  on  .lulv  JO  to  ''.l  \ at 

dol'd  hours  on  .lulv  Jl. 

V* 

The  pH  ol  tlie  sui  t. ice  waters  varied  bv  onlv  1 , t tom  a pH  o!  8.-*  dm  inc. 

most  ot  the  davliglit  hours  t o a pH  ot  8.1  during  the  night. 

Spec  it  ic  conductance  varied  only  slight  1\  during  tin  /-t-hour  petiod. 

A maximum  surtace  conductance  ot  171  micromhos  per  cent  imet  ei  at  JV'g 
was  measured  at  J400  hours  on  duly  JO  and  a minimum  surtace  conductance 
ot  IV'  nmho/cm  was  measured  at  JOOO  hours  on  .lulv  JO. 

Ot  the  lour  parameters  measured  during  the  diel  study,  temperature 
is  the  only  one  that  is  independent  ot  biological  cond.it  ions  in  the  lake, 
blue tuut  ions  in  dissolved  oxygen  content,  pll,  and  spec  it  ic  conductance 
are  related  either  directly  or  indirectly  to  the  trophic  state  ot  the  lake, 
li  Kaystown  hake  was  in  an  euttophic  rather  than  an  oligotrophic  state, 
diel  t 1 uc t tin t ions  ol  dissolved  oxygen  concent  rat  ions,  pH,  and  spec  it  ic 
conductance  would  have  been  more  pronounced. 

At ka  I in  1 tv 

Alkalinity  is  a measure  of  the  buttering  capacity  or  the  ability  ot 
water  to  neutral  ice  acids.  The  alkalinity  of  the  surface  water  at  each 
lake  site  and  at  the  inflow  and  outflow  was  measured  on  each  sampling 
visit.  Figure  8 shows  the  range  and  mean  concent  rat  ions  measured  at 
each  site.  The  alkalinity  gradually  decreased  from  the  in t low  to  the 
outflow;  this  decrease  was  much  less  apparent  from  lake  site  A to  the 
outflow.  The  oxidation  of  ammonia  nitrogen  to  nitrite  and  nitrate  causes 
a destruction  of  alkalinity  (Symons,  I9t>9),  which  is  a partial  explanation 
for  the  decrease  in  alkalinity  from  Inflow  t o outflow. 
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Lake  Nut  flouts 


Aquatic  vegetation  need  at  least  15  nutrients,  2 of  which  are 
nitrogen  and  phosphorus,  for  growth..  Nitrogen  and  phosphorus  usually 
occur  In  low  concentrations  In  most  natural  waters,  and  phosphorus  may 
be  completely  removed  t rom  solution  by  phytoplankton  during  high  production 
periods.  When  adequate  supplies  ot  these  nutrients  are  available,  high 
production  ot  aquatic  vegetation  can  occur.  Chemical  analyses  of  the 
surface  and  bottom  waters  of  Raystown  hake  were  made  to  determine 
concentrations  of  nitrogen  and  phosphorus  species  in  order  to  estimate 
the  trophic  state  of  the  lake.  A summary  of  nitrogen  and  phosphorus 
data  collected  in  Raystown  Lake  Is  given  in  table  2. 

N i t rogen 

Nitrogen  in  water  occurs  in  two  reduced  forms,  organic  nitrogen 
(nitrogen  bound  in  cellular  material)  and  the  ammonium  ion  (Nll.(+) . The 
organic  nitrogen  content  is  a valuable  indication  of  the  productivity 
oi  a body  of  water  because  most  of  the  organic  nitrogen  is  ultimately 
transformed  into  forms  that  can  enter  into  production  ot  living  matter. 

About  .10  percent  of  the  total  nitrogen  measured  in  Raystown  Lake  was 
in  the  form  of  organic  nitrogen.  Throughout  the  study  period,  observed 
lake-surface  concent  rat  ions  of  organic  nitrogen  ranged  from  0.11  to 
(>.70  mg/L,  and  bottom  concentrations  ranged  from  0.13  to  0.5b  mg/L. 

There  was  a decrease  in  the  average  organic  nitrogen  concentrations  in 
the  surface  waters  at  sites  2,  3,  4,  and  5 of  0.37,  0.34,  0.33,  and  0.2l> 
mg/L,  respectively.  The  average  bottom  concentrations  ot  organic  nitrogen 
at  sites  2,  3,  4,  and  5,  were  0.38,  0.35,  0.37,  and  0.36  mg/L,  respectively. 

Nitrogen  that  is  chemically  bound  in  organic  compounds  is  returned  to 
the  environment  through  decomposit ion  by  microorganisms;  the  end  product  of 
the  first  stage  oi  oxidative  degradation  is  ammonia.  In  unpolluted  waters, 
ammonia  and  ammonium  compounds  occur  in  relatively  small  quantities, 
usually  on  the  order  of  1.0  mg/L  or  less  (Reid,  I9bl,  p.  1851.  Measured 
ammonium  concentrations  of  the  surface  waters  of  Raystown  Lake  were  all 
less  than  0.17  mg/L,  and  88  percent  ot  surface  samples  collected  had 
concentrations  less  than  0.10  mg/L.  The  lake  bottom  waters  had  higher 
concentrations  of  ammonium,  which  probably  was  due  to  bacterial  decomposit ion 
of  organic  material.  About  l>0  percent  of  the  bottom  samples  had  ammonium 
concentrations  of  less  than  0.50  mg/L.  As  lake  conditions  became  more 
stable  in  March  1^75,  smaller  amounts  of  ammonium  were  present  in  both 
surface  and  bottom  waters. 


Table  2, — Summary  of 

nitrogen 

and  phosphorus  data 

collected  in 

Raystown 

bake  f rom 
per  liter) 

May  1974 

through  July 

197b. 

(Analyses  in 

mill igrams 

Ammonium 

Nitrate 

Ortho- 

Total 

Site 

Organic 

N itrogen 

Nitrogen  phosphate 

Phosphoru 

No. 

N itrogen 

(N) 

(N) 

(P) 

(P) 

Max imum 

0.55 

0.16 

1.40 

0.04 

0.07 

Surface  Minimum 

.16 

.00 

.41 

.00 

.01 

2 

Mean 

.37 

.06 

.84 

.01 

.02 

Max imum 

.53 

.77 

1 .40 

.02 

.07 

Bottom  Minimum 

.16 

.01 

.04 

.00 

.01 

Mean 

.38 

.17 

.83 

.01 

.04 

Maximum 

.56 

.09 

1.50 

.02 

.04 

Surface  Minimum 

.17 

.00 

.34 

.00 

.01 

Mean 

.34 

.05 

.78 

.01 

.02 

3 

Max imum 

.55 

.82 

1.40 

.02 

.04 

Bottom  Minimum 

.15 

.00 

.04 

.00 

.01 

Mean 

.35 

.26 

.83 

.01 

.02 

Max imum 

.70 

.17 

1.30 

.01 

.03 

Surface  Minimum 

.17 

.00 

.32 

.00 

.00 

Mean 

.33 

.05 

.76 

.00 

.01 

4 

Maximum 

.54 

.22 

1.30 

.01 

.04 

Bottom  Minimum 

.26 

.01 

.54 

.00 

.01 

Mean 

.37 

.08 

.94 

.00 

.02 

Maximum 

.47 

.13 

1.20 

.00 

.02 

Surface  Minimum 

.11 

.00 

.34 

.01 

.00 

5 

Mean 

.29 

.05 

.75 

.00 

.01 

M<ix  imum 

.56 

.19 

1.40 

.02 

.03 

Bottom  Minimum 

.13 

.00 

.68 

.00 

.01 

Mean 

.36 

.08 

1.01 

.00 

.01 

NITRATE  f AS  Nt,  IN  V __.GPAMS  PEP  LITER 


Nitrogen  occurs  in  water  in  two  oxidized  forms,  -is  nitrite  (NO,  1 .tm 
nitrate  (NO^-).  Nitrite-nitrogen  tNO'---N)  occurs  in  very  minute  quant  it:  it 
it  at  all.  In  unpolluted  waters.  Nitrate-nitrogen  (N0i“-fO  is  the  form 
most  easily  taken  up  by  most  aquatic  vegetation  tor  protein  synthesis, 
t'oneentrat ions  of  NO  in  the  surface  water,  for  all  lake  sites,  ranged 

Item  0.3/  to  1 . 5 mg/1,,  and  bottom  concentrations  ranged  from  0.04  to 
l.<  mg/1,.  The  average  surface  concentrations  of  NO t~-N  measured  at  sites 
d,',4,  and  *i,  were  0.8s,  0.78,  i'.7b,  and  0.75  mg/1,  respectively.  The 
average  bottom  concentrations  of  NO  i”-N  measured  at  sites  /,  3,  4,  and  5 
were  0.8  1,  0.8  1,  0.'><  and  1.0  mg/1  , respectively. 

Figure  b shows  the  seasonal  fluctuations  in  the  average  NO  ( -N 
concentrations  measured  at  the  surface  and  bottom  throughout  the  study 
period.  The  decline  ot  the  surface  NO  i~-N  concent  rat  ions  after  the 
early  spring  max  imums  in  1*174,  1 0 7 S , and  147b  is  the  result  ot  N0q“-N 
assimilation  by  t hi’  phytoplankton. 

rhospb.o  rus 

The  mean  total  phosphorus  content  of  most  lakes  ranges  from  0.01  to 
0.03  mg/1.  (Reid,  l'>bl,  p.  1881  . Total  phosphorus  concent  rat  ions  of  the 
suit  ace  waters  of  Rays  town  l.ake  ranged  from  0.00  to  0.07  mg/1,.  The  mean 
surface  concent  rat  ion  ot  total  phosphorus  throughout  the  study  period  at 
sites  and  I was  (1.07  mg/1  and  the  mean  concent  rat  ion  at  sites  s and  5 
was  0.01  mg/1,.  Bottom  concentrations  ot  total  phosphorus  at  all  sites  weri 
slightly  higher,  averaging  0.01  mg/1,  more  than  surface  concentrations. 


figure  b. — Seasonal  fluctuations  in  the  average  nitrate-nitrogen 

concent  rat  Ions  measured  at  the  surface  and  bottom  throughout 
Kav st own  lake. 


Ort hophosphat e (PC'  ’ is  t he  inorganic  term  ol  phosphorus  most  used 
!-v  aqu.it  io  vegetation  in  metabolic  processes.  At  each  lake  site,  the 
surtaee  ami  bottom  concent  tat  ions  of  TO- were  nearly  the  same.  In  a 
tow  samples,  higher  concentrations  ot  IV, occurred  in  the  bottom  water. 
There  was  evidence  of  a gradual  decrease  in  the  surface  IV/-  ' concent  rat  ion 
item  site  J to  site  t>.  The  average  surface  concern  rat  ions  at  sites  , ', 

»,  and  “>  were  0.01,  0.01,  0.00,  and  0.00  mg/1 , respectively.  Apparently 
the  IV  ion  was  depleted  bv  the  phyt oplankt on  and  sediment  as  water 
passed  through  the  lake. 

Sec chi  P'sc  Transparency 

because  the  quant  itv  of  light  and  depth  to  which  it  penetrates  are 
significant  factors  in  determining  the  amount  and  form  of  biological 
produc t iv  it y , measurements  of  the  water's  transparency  were  made  by 
lowering  a Secchi  disc  until  it  was  no  longer  visible,  usually  when  less 
than  ■'  percent  of  the  sunlight  is  transmitted  (Keid,  l°hl,  p.  1001.  Secchi 
disc  transparencies  measured  in  Kaystown  lake  ranged  from  a minimum  ot 
0.10  m at  site  ' near  the  head  of  the  lake  to  a maximum  of  °.0  m at 
site  S near  the  dam.  Table  1 is  a compilation  of  Secchi  disc  transparent- ie 
taken  during  the  study  period.  At  site  d,  not  onlv  are  main-  ot  the  finer 
sediment  particles  carried  bv  the  inflow  still  in  suspension,  but  the 
tv'tal  nutrient  supply  is  greatest  at  this  site  and  caused  a more  abundant 
phytoplankton  population  than  at  any  other  site.  As  water  passes  through 
the  lake,  most  of  the  fine,  suspended-sediment  particles  settle  out, 
the  nutrient  supply  becomes  less,  phyt op lankt on  growth  is  reduced  and, 
consequent Iv , transparency  increases.  Figure  7 illustrates  the  gradual 
Increase  in  the  average  transparency  from  site  to  site  S . 


minimum 


moximum 


Maximum,  minimum,  and  mean  Secchi  disc  t ransparenc le 
at  the  four  main  lake  sites. 


Metallic  Ions 


Metallic  ions  present  in  a lake  ecosystem  can  greatly  affect  the 
potential  utility  of  the  water  and  can  control  or  alter  the  entire 
aquatic  environment.  Many  metallic  ions  are  necessary  in  trace  concentra- 
tions for  normal  plant  and  animal  metabolism;  however,  when  trace  concentra- 
tions are  exceeded,  toxic  conditions  for  both  plants  and  animals  may 
result . 

Metallic-ion  concentrations  determined  for  bottom  waters  near  the 
breast  of  Raystown  Dam  (site  5A)  and  at  the  tunnel  outflow  (site  6A) 
indicated  no  toxic  levels  were  present  for  fish  and  other  aquatic  life 
(McKee  and  Wolf,  1971).  Results  of  the  analyses  are  summarized  in  table  4. 


Table  4. — Dissolved  Metallic-ion  concentrations  measured  in  the  lake  bottom 

water  near  Raystown  Dam  and  at  the  tunnel  outflow  on  March  2,  1976. 
(Symbol  <,  less  than) 
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Raystown  Lake 
near  dam;  5A 

30 

0 

1 
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0 
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6A 
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0 

1 
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0 
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A1  i\.i  1 Cl  owt  li  pot  rill  i.i  1 

All',. i I pi  owl h poli'iit  i.il  (AlID)  Is  .t  |i  lolop  li'.i  l tost  to  ilot  oi  m iuo  t ho 
m. ix  iimmi  alp.il  m. is-,  (ilrv  wctphO  ol  .i  tost  alpal  spi'i'  ios  (So  I on. 1st  Mini 
oapt  l oo  i ii. 1 1 mu'  tli.it  o.ui  Do  y.rowtl  in  .1  ii.itur.il  wat  t a samplo  mnlol 

st  amla  l it  i . oil  l.iDoi  .it  oi  \ ooml  i t Ions.  I'ho  Ail!-  il.it.i  tli.it  .ito  ilot  tvml  In 

tho  I a ho  i .i  t o i \ ii  till  < - 1 oontrollml  ooml  1 1 ions  ol  1 Ipht  .mil  t ompoi.it  mo 
no  not  noooss.il  i 1 v tot  loot  ooml  i t tons  in  tho  n.itni.il  .iipi.it  io  onv  1 1 onmont 

lion  wliioli  tho  s.tniplos  .ii  o t .ikon  .is  on  I v tho  yiowth  pot  out  I.il  .it  .1  piv  on 

t lino  is  ino.isntoil,  .mil  m.niv  i-nv  i I onmont  i i t.ioloi  . th.it  oonlil  .iltoi  tho 
\i . I ' o.innot  lo  simul.it  ml  in  .1  1 .ihoi  .it  oi  v . 

\lpal  i.iiUith  pot  out  i.il  w.is  .lot  oi  m i ii  i 'il  t oi  tho  snrt.ioo  wat  oi  .it  tho 

t oni  m. sin  l.iko  .itos  in  M.iiih  I'Wh  .ml  M.n  t hi  onph  Si'ptomhoi  !'>/(>.  I’ho 

il.it. i siimnia  i i . isl  in  t .ihli'  ■ 1 1 til  to.  itos  th.it  tho  A i .'  1 ' w.is  siinil.u  toi  .ill 

loin  sit  os  in  M.n,  .Inno,  .in. I Inlv.  I ho  lowost  AltD,  0.0  mo.  1 , oooniioil 
in  .'lav,  .uni  t Is  hipliosl  AOD,  l.i<  nip,  I , ooonrrml  in  Inno.  Aoooril  inp 
to  ,i  ol.issit  io.it  ion  in.  ill  i'  in  a stiiilv  oomlnot  oil  hv  tho  lnviionmont.il 
I’lotool  ion  Ap.om  v iMilloi  ami  othois,  I '•  / a , p.  o.’l'  on  i'l  lakos  t lirouph- 
ont  tho  I'n  it  oil  Statos,  U.nstown  l.iko  oan  ho  ol.issit  l oil  as  a moiioi  at  ol  v 

pio.hu  t ivo  l.iko  ini  hauls  i<t  l hi'  avovay.o  \T.V  ol  0.  ( n\p.  1 tov  1 ho  Uilv 

samp  1 iny; . 

A I pal  assays  wot  o oomliio  t oil  on  l.iko  sauipli's  oollooloil  In  M.n,  Anpnsl  , 
ami  Sopt  oiiihoi  to  .lotoimmo  wliioli  mitt  Ion's,  It  any,  oonlil  ho  ooiis  lilot  oil 
i;rowt  h- 1 ini  it  my;.  I'ho  two  uuti  touts  aiUml  to  tho  samp  l os  woro  nit  tat  o 
V NO  \ } ami  ort hophosphat o (TO.,-  a.  I'ho  praot  loo  ol  aiUttin;  snoh  mil  i touts 
to  a wat  ot  samp  I o is  oalloil  "splkinp".  haso-  1 ovo  1 oonoont  t at  ions  ot  NO. 
ami  I’O  ' ’ wot  o ilot  orm  inoil  tot  t lio  oonlrol  samp  I os  ami  10  t imos  tho 
hast'  lovol  amount  ol  oaoli  lint  I lout  was  .iihloit  to  100— ml.  al  i. piots  ot  tin' 
taw,  t lltoioil  wat  ot  . I ho  spikoil  samplos  wolo  inonhat  ml  nmloi  st  amla  t il  l ' Oil 
oomlit  ions.  1'ahlo  t>  snmm.u  l.os  tho  spikinp  rosnlts  ami  t ml  io.it  os  Ihat 
DO  was  a y;i  owt  h- 1 im  i t iny;  nntiioiit  m most  ol  tho  wat  ot  tost  oil,  hut  vot  \ 
lilt  I o ohanpo  was  ohsorvoil  in  tho  alpal  prowl h ot  samplos  splkml  with 

N0|~.  Moio  tluni  a .’0-lokl  inoroaso  in  alpal  prowl  h was  ohsorvoil  In  all 

hnl  ono  ol  tin'  samplos  spikoil  with  DO.,  I'ho  ono  oxoopt  ton  lo  tho 

ptowth  (into. iso  ol  tho  DO,"  spikoil  samplos  was  ohsorvoil  t oi  tho  sump  I o 
oo  1 I oo  t ml  in  M.n  at  alto  -i . A oro  prowtli  pot  out  ial  was  ohsoi  voi!  tot 
all  I |)0-ml  -a  1 i ijnot  samplos.  I nsnl  t io  lont  il.it  .1  was  oo  1 1 oo  t ml  to  oxplaln 
t h i s nooiii  ronof. 

In  I ivo  ot  tin1  samplos  ass.nmt,  tho  luoro.isoil  plow!  It  t t mil  tho 
.nlillt  ion  ol  DO.,'  * was  ovon  pro.it  oi  with  tho  aihlit  Ion  ot  both  DO  ' ami 

N0^~.  Ilits  i ml  ioat  os  that  a 1 t lionpti  DO;,  w.is  (nil  tally  y.t  owl  h~  l Im  it  iny, 

tot  atp.io,  NO  hoo.imo  prowl  h-limlt  l up  when  .nloipi.it  o DO"'  was  prosont  . 


Table  5. — Summary  ol  algal-growth-potential  data  collected  at 
the  four  main  lake  sites  in  1976 
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ses  in 

mill igrams 

(dry  weight) 

per  liter] 

S it  e 

No. 

March 

May 

June 

July 

August 

September 

> 

0.5 

0.0 

1.7 

0.3 

0.6 

0.2 

3 

•)  > 

0.0 

1.8 

0.3 

0.3 

0.5 

4 

1.6 

0.0 

1.9 

0.3 

0.3 

0.5 

6 

0.4 

0.0 

1.8 

0.3 

0.3 

0.4 

> » 


Table  b. — Summary  of  algal  growth  potential  of  untreated  lake  samples 


(controls)  and  samples  with  It)  times  the  base  amount  of 
nitrate  (NOj~)  , ort  hophosphate  U’lK- , or  both. 

[Analyses  In  milligrams  (dry  weight)  per  Uteri 
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PO4-1 

1 i 'S 

NO  + 1’04-3 
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2 

0.0 

0.0 

20.  0 
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l 

0.0 

0.0 

lt>.0 

2 0 . tl 

4 

0.0 

0.0 

0.0 

0.0 

S 

0.0 

0.0 

24.0 

) 1.0 

August 

ld7t. 

•> 
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0.  b 

1 t.  . t. 

Ib.S 

i 

0.  1 

0.4 

11 .0 

8.8 

0.  1 

0.  ) 

n .0 

18.S 

s 

0.  l 

0.  ) 

11.8 

15.6 
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r 10  7 (. 

J 

0.2 

0.) 

1 4 . (> 

17.3 

\ 

0.  5 

0 . 

l 0 . 0 

l 6 • 4 

4 

0.  5 

0.4 

1 3.6 

13.0 

5 

0.4 

0.  1 

13.0 

1 f.O 
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Chlorophyll  .i 


Chlorophyll  Is  found  in  all  green  plants  and  is  t ho  molooulo 
that  absorbs  light  energy  from  the  sun  and  transforms  It  Into  ohom Ira  1 
energy  In  the  photosynthetic  process.  Chlorophyll  production  and  content 
In  any  aquatic  environment  Is  dependent  upon  light,  nutrients,  temperature 
and  other  factors;  but  at  constant  1 iglit  intensity,  a constant  relation 
appears  to  exist  between  photosynthesis  and  chlorophyll  .!  (.Hold,  l‘)t>l, 
p J-u)>  . This  relationship  served  as  a useful  measure  ol  tin*  product  ion 
rate  throughout  Kaystown  Lake,  because  light  conditions  and  cloud  cover 
at  all  four  lake  sites  were  similar  for  all  samplings.  for  several 
samplings  a progressive  decline  in  chlorophyll  concent  rat  ion  was  observi 
between  sites  2 and  5,  which  Indicates  a decline  In  productivity  t rom 
Inflow  to  outflow.  This  was  anticipated  because  nutrients  entering  the 
lake  from  the  main  Inflow  were  gradually  depleted,  as  indicated,  by  the 
earliest  nutrient  samples.  Results  ot  the  chlorophyll  >;  analyses  ol  tin* 
surface  waters  of  Kaystown  Lake  for  May  1874  to  duly  187b,  are  given  in 
table  7. 


1'  1 ank  t i'll 

Data  In  tables  S and  8 indicate  t luit  t hi*  diatoms  ((’hrvsophvt  .0  were 
the  most  commonly  found  group  ot  phytoplankton  during  the  study  period. 

In  all  samples  during  September  ll>7S  to  July  187b,  Astotlonolla  and 
Dlnobryon  were  the  co-doiulnant  genera.  The  d inot  lagel  lat  e Cot  at  turn  was 
also  present  In  most  samples,  llreen  algae  (Chlorophvt al  and  blue-green 
algae  (Cvantophvta)  were  observed  mostly  during  the  summer. 

I’he  phy  toplankton  count  rarely  exceeded  100  cell  s/ml.  The  cell 
count  for  November  187S  averaged  41  cells/ml.,  and  that  tor  May,  tune, 
and  duly  187b  averaged  less  that  S cells/ml. 

The  composition  ot  phytoplankton  communities  can  often  he  correlated 
with  trophic  stages  of  lakes  (Keid,  I8bl,  p.  248)  . Ol Igot rophic  lakes 
are  characterized  by  a relatively  low  quant  its*  ot  phvtoplankt  on  and  pulse* 
or  fluctuations  in  abundance,  are  uncommon.  Kut rophic  lakes  generally 
support  a large  quantity  ot  phy t oplankt on , and  pulses  are  frequent.  From 
the  limited  amount  ot  phytoplankton  data  collected,  Kaystown  lake  couLI 
be  cluiracter  Ized  as  ol  igot  rophlc  . 

Lew  zooplankton  were  present  throughout  the  study  period.  Ihe 
zooplankton  Identified  in  the  samples  were  composed  predominant  1 y ot 
rotifers  and  microcrustaceans.  Microcrustaceans  ideutitied  wore  Daphnia 
(Order  Oladocera)  and  Cyclops  (Order  Oopepodad  . The  I'ladocota  and 
Copepoda  live  in  most  tresh-watei  systems.  Kot  iteis  ideut  it  led  In  tin- 
lake  samples  belonged  to  the  genera  Kerotollu,  Kellicott  ta,  l\'l  vat  t lira  , 
and  flic  hoc erca. 

Plankton  sampling  during  t lie  study  period  was  insult  tetent  tot  a 
thorough  understanding  ot  the  d l st  i ibut  ion , divot-  (tv,  and  >h-nsities  ot 
plankton  populations  in  Kaystown  Lake. 


Table  7. — Summary  of  chlorophyll  .1  concent  rat  Iona  in  the 
surface  water  at  the  four  main  lake  sites. 

[Analyses  in  micros  rams  per  liter.  Symbol  s,  less  than) 


Date 

Site  7 

Site  ' 

Site  4 

Site  5 

S- 14—74 

si  .0 

si  .0 

si  .0 

sl.O 

7—1 1>—  7 4 

s.  s 

'.8 

1.0 

sl.O 

4— 1 4—74 

- 

8.  1 

5.0 

1 .4 

1 1 -70-/4 

'.  1 

7.  1 

0.1) 

0.  b 

1-08-7  S 

0.4 

0.  1 

0.  ' 

0.7 

1-70-75 

7.4 

O.-t 

O.b 

1 . I 

5-71-75 

- 

. V) 

1 

1 . 1 

7-7  1-7  5 

0.8 

O.b 

O.b 

0.7 

0-.-4-7  5> 

8 . 1 

s.  0 

1.1 

, s 

11-14-75 

.’.0 

1 . 1 

1 ' 

1-0  l-7b 

1.7 

o.-t 

0.(1 

0.4 

l J-7h 

7 . 1 

0.0 

0.0 

0.0 

t>-  1 b-  7 b 

0.0 

0.0 

0.0 

0.0 

7-70-7b 

4.4 

7 * 

b.l 

7.0 

L - A 


Table  8 .--Qualitative  identification  and  distribution  of  plankton  in  samples  collected 
between  July  1974  and  July  1975. 


Table  9. — Qualitative  and  quantitative  identification  of  phytoplankton 
samples  collected  between  November  1975  and  July  1976. 
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Total  cell  count  Total  cell  count  Total  cell  count  Total  cell  count 

51  cells/mL 82  cells/mL <1  cell/ml 4 cells/mL 


S.  in  it.  if  v Bacteria 


Kay st own  l.ake  provides  Ideal  opportunities  for  water-based  recrcat  ion, 
such  as  swimming  and  water  skiing,  and  therefore  it  is  important  that  l lie 
water  he  of  suitable  sanitary  quality  for  wat er-eont act  recreat  ion.  Count  ■ 
ot  fecal  colilorm  U’C)  and  fecal  st reptococcus  ( KS > bacteria  were  made 
during  tin-  study  period  to  determine  bacteria  densities  at  the  ini  low, 
the  outflow,  and  at  selected  locations  within  the  lake.  fables  10  and  11 

summarize  Ft'  and  KS  deusil  ies  measured  during  the  sludv  period.  Most 

samples  collected  at  the  seven  lake  sites  had  vets  low  deusit  ies  ot  both 
IV  and  KS  bacteria.  All  ot  the  Ft  densit  i os  during  the  bathing  season  wen 
within  the  limits  established  by  the  1'ennsv  1 van  in  Popart ment  ot  Fnv  i t oiunent  a 1 
Resources  for  bathing  beach  areas  il'A.  Pept  . ot  i.nv  i roument  a 1 Resources, 
ll,/'l).  Water  is  considered  contaminated  when  the  IV  densltv  ot  attv  sample 
collected  exceeds  1000  colonies  pet  100  ml.  lhe  highest  FC  density  ebserved 
tor  the  main  int  low  (.site  11  was  “oh'  pet  1 t'i'  ml  and  tin'  median  densitv 
observed  at  this  site  for  t hi1  studv  period  was  88  pet  100  ml..  Most  ot  the 
FC  densities  in  t hi'  out  t low  fslte  hi  were  verv  low.  A tew  samples  collided 
at  tin'  outflow  had  higher  FS  densities  than  was  expected.  fills  was  attribute.! 
to  the  waterfowl  population  that  frequents  the  out  1 low  area. 

KFFFCfS  OF  fill  1 Ml’Ol'NDMFN  f ON  POWNSTREAM  WAl’KR  Ql'Al.lTV 

file  ettects  ot  the  Impoundment  on  downstream  water  quality  can  be 

estimated  from  figure  8 by  comparison  ot  the  physical,  chemical,  and 
bacteriological  charac t er ist ic s of  int low  and  outflow.  Because  o!  the 
possibility  of  contamination  at  the  outflow  lte  trout  the  watertowl  populat  ion, 
bacteria  counts  observed  tor  lake  site  were  used  to  assess  the  ettects  of 
the  impoundment  on  the  sanitary  bacteria  population. 

Table  1.’  is  a compilation  of  the  physical,  chemical,  and  bactei  iological 
data  collected  tor  both  the  int low  and  outflow  area. 

femperat tire  - Water  temperatures  were  nearly  the  same  at  both  the 
int  low  and  out  t low;  maximum  difference  was  ,'.o°C.  The  lncorpor.it  ion 
of  multiple  intake  levels  in  the  dam  structure  provided  the  capability  to 
regulate  the  temperature  of  the  outflow.  The  policy  of  the  Corps  ot 
Fngineers  is  to  regulate  the  temperature  so  that  it  closely  coincides  with 
the  water  temperature  ot  the  .luniata  River  at  t hi'  continence  ot  the  Kavstown 
Branch  .luniata  River  and  the  Juniata  River,  8.8  km  downstream  t torn  Kavstown 
Pam . 

pH  - The  pH  at  the  inflow  and  outflow  ranged  from  8.0  to  8.2,  which 
was  consistent  with  the  pll  measured  throughout  the  lake.  The  carbon 
d iox  ide-b  icarbonnt e-carbonat e system  caused  pll  changes  as  water  passed 
through  the  lake,  but  the  total  effect  of  the  impoundment  on  the  downstream 
pH  was  insignificant. 


.’8 


Table  10. — Fecal  coliform  densities  observed  for  all  bacteria 
sampling  sites.  (Colonies  per  100  milliters. 
Symbol  <,  less  than.) 
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Table  11 

. — Focal  Streptococcus 

dens It ies 

observed 

for  all 
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sampl ing 

sites. 

(Colonies  per 

100  mill iliters. 

Symbol  vf 

less 

t hail . 

) 

3 

< 

o 

T-*  3 

Csi 

m 

St 

m 

vT>  O 

fN 

m 

<r 

o 

H 

41  t-> 

4) 

4) 

0) 

0) 

0)  ^ 

0) 

vl) 

41 

U 4* 

*-» 

u 

4J 

*-» 

4J 

U 

-1  C 

—4 

•H 

•H 

•H 

•r4 

CO  l-l 

in 

in 

l/l 

in 

in  o 

in 

in 

in 

Da  t e 

5-14-74 
5-1 S-74 

100 

480 

4 

vl 

vl 

37 

7-15-74 

7-16-74 

48 

8 

•> 

3 

4 

60 

4-14-74 

9-20-74 

24 

16 

vl 

1 

-■) 

540 

11-19-74 

11-20-74 

44 

vl 

8 

vl 

vl 

5 

1-07-75 

1-08-75 

37 

193 

16,000 

58 

<1 

1 

2 

3-20-75 

3-21-75 

420 

27 

1 

vl 

1 

5-20-75 

29 

<1 

5-21-75 

7-22-75 

81 

■> 

vl 

vl 

vl 

26 

7-23-75 

9-23-75 

580 

<1 

vl 

4 

1 

140 

9-24-75 

4 

12 

10 

16 

11-19-75 

11-20-75 

36 

53 

14 

<1 

vl 

4 

3-02-76 

3-03-76 

18 

vl 

4 

5 

<1 

2 

2 

3 

5-11-76 

5-12-76 

45 

si 

1 

1 

Vl 

6 

2 

vl 

<1 

6-15-76 

6-16-76 

80 

<1 

6 

<1 

vl 

10 

3 

2 

20 

7-20-76 

7-21-76 

15 

<1 

'I 

8 

6 

36 

2 

1 

19 

8-17-76 

8-18-76 

84 

1 

2 

1 

2 

16 

2 

vl 

9-28-76 

9-29-76 

760 

2 

2 

1 

<1 

TNTC* 

14 

vl 

vl 

* Too  numerous  to  count. 


A 


TOTAL  alkali  NlTYtAS  SPEGFiG  CONDUCTANCE,  IN  MiGPOMhC/S  TEMPERATURE  IN 

Co CO^)  IN  MILLIGRAMS  PEP  CENT'METEP  AT  25°  C pH  DEGREES  CELbiUS 


Table  12. — Physical,  chemical  and  bacteriological  data  for  inflow  and  outflow 
(Chemical  analyses  in  milligrams  per  liter,  except  as  noted.) 
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Specific  conductance  - The  specific  conductance  at  the  inflow  was 
generally  higher  than  the  specific  conductance  at  the  outflow.  Raystown 
Lake  stores  much  of  the  above-normal  flows,  which  are  low  in  dissolved  solids 
and  have  low  specific  conductances;  thus,  the  great  storage  capacity  of  the 
lake  contributes  to  the  low  specific  conductance  of  the  outflow.  Biological 
growth  processes  in  the  lake  extracted  nutrients  from  the  water,  and  these 
processes  also  decreased  the  specific  conductance.  Raystown  Lake  tended  to 
stabilize  seasonal  fluctuations  in  the  specific  conductance  measured  at 
the  inflow.  This  was  expected  because  storage  reservoirs  generally  have 
an  equalizing,  or  smoothing,  effect  on  mineral  concentrations  (Churchill, 

1958,  p.  456). 

Alkalinity  - The  impoundment  had  the  same  general  effect  on  alkalinity 
as  it  had  on  specific  conductance.  It  reduced  the  total  alkalinity 
considerably  and  suppressed  its  seasonal  fluctuations. 

Dissolved  oxygen  - The  effect  that  the  impoundment  had  on  the  dissolved 
oxygen  concentration  cannot  be  accurately  evaluated  by  comparing  concen- 
trations at  the  inflow  and  outflow,  because  water  released  through  the 
outflow  chute  was  aerated.  However,  all  measured  dissolved  oxygen  concen- 
trations for  both  the  inflow  and  outflow  were  near  saturation  which  suggests 
that  the  impoundment  had  no  detrimental  effect  on  dissolved  oxygen  content. 

Nitrogen  - The  fluctuation  in  the  organic  nitrogen  concentration  at 
the  inflow  was  greater  than  the  fluctuation  at  the  outflow.  There  was  also 
a slight  decrease  in  the  organic  nitrogen  concentration  at  the  outflow. 

Ammonium-N  concentrations  at  the  outflow  were  greater  than  concentrations 
at  the  inflow  in  seven  out  of  nine  corresponding  samples. 

The  impoundment  caused  a decrease  in  the  nitrate-N  concentration 
between  inflow  and  outflow.  The  phytoplankton  removed  the  nitrate-N  faster 
than  it  was  replenished  by  runoff,  rainfall,  and  nitrogen  fixation. 

Phosphorus  - The  impoundment  had  a significant  effect  on  the  removal 
of  phosphorus  from  the  water.  The  total-phosphorus  concentrations  determined 
for  the  inflow  exceeded  those  for  the  outflow  in  7 out  of  10  corresponding 
samples.  Orthophosphate  was  present  in  80  percent  of  the  samples  collected 
at  the  inflow,  but  only  in  10  percent  of  the  samples  collected  at  the  outflow. 
The  uptake  of  orthophosphate  by  phytoplankton  arid  possibly  by  other  forms 
of  aquatic  vegetation  and  the  loss  of  orthophosphate  to  the  lake  sediments 
almost  completely  eliminated  this  ion  from  the  lake  waters. 

Total  organic  carbon  - Total-organic-carbon  concentrations  of  the 
inflow  were  generally  greater  than  those  of  the  outflow.  Through  oxidation, 
decomposition,  and  settlement  of  organic  matter,  the  organic  carbon  was 
gradually  lost  to  the  lake  sediments.  On  November  19,  1975,  the  total- 
organic-carbon  concentration  at  the  outflow  was  almost  seven  times  greater 
than  that  of  the  inflow.  The  shore  of  Raystown  Lake  is  nearly  80  percent 
forested;  it  is  postulated  that  dead-leaf  litter  contributed  more  than 
anything  else  to  the  high  total-organic-carbon  concentration  at  the  outflow 
on  this  date. 
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Bac t or ia  - Observed  fecal-col lform  densities  of  the  surface  waters 
at  lake  site  5 did  not  exceed  1 colony  per  100  ml, , and  the  maximum  fecal- 
st  reptococcus  density  was  16  colonies  per  100  ml,.  The  presence  of  fecal 
eolitorm  and  fecal  streptococcus  bacteria  at  the  outflow  was  essentially 
eliminated,  owing  to  the  long  retention  time  in  the  lakei'  and  the  rapid 
die-off  rate  of  these  bacteria. 

SUMMARY 

The  physical,  chemical,  and  biological  measurements  taken  during  the 
study  period  indicate  that  Kaystown  Lake  is  of  good  quality  and  can  support 
a balanced  and  diverse  plant  and  animal  population.  Profile  measurements 
that  included  temperature,  dissolved  oxygen,  pH,  and  specific  conductance 
were  used  to  describe  some  initial  limnological  features  of  the  lake. 

Ravstown  Lake  is  thermally  stratified  during  summer,  particularly  from 
July  to  September.  Inverse  thermal  stratification  was  observed  in  January 
1975,  and  will  very  likely  occur  annually  while  the  lake  surface  is  frozen. 
The  lake  was  generally  homothermous  during  November  and  March. 

Dissolved-oxygen  concentrations  remained  relatively  high  throughout 
the  vertical  water  column  at  sites  4 and  5,  except  for  the  metalimnic 
oxygen  minimums  measured  in  July,  September,  and  November,  1975,  and  August 
and  September  1976.  On  a few  occasions,  there  was  a marked  decline  in  the 
hypolimnic  dissolved  oxygen  concentrations  at  sites  2 and  3, 

Measured  pH  in  Raystown  Lake  was  between  6.5  and  8.5.  Vertically 
distributed  variations  in  pH  were  attributed  mainly  to  carbon  dioxide- 
bicar  bona  t e-carbonate  reactions. 

Specific  conductance  generally  decreased  from  the  lake  surface  to  the 
lake  bottom. 

A dicl  study  conducted  at  site  4 on  July  20  and  21,  1976  showed  very 
little  eliange  in  temperature,  dissolved  oxygen,  pH,  and  specific  conductance 
of  the  surface  and  throughout  the  vertical. 

Alkalinity  measurements  taken  at  the  inflow,  outflow,  and  of  the  lake 
surface  indicated  the  water  had  a high  buffering  capacity,  particularly 
at  the  inflow  site. 

Nutrient  analyses,  which  included  nitrogen  and  phosphorus  compounds, 
conducted  on  surface  and  bottom  waters  indicated  that  surface  concentrations 
of  organic  nitrogen,  nitrate  nitrogen,  total  phosphorus,  and  orthophosphate 
decreased  from  site  2 to  site  5.  Bottom  concentrations  of  nitrate  nitrogen 
increased  from  site  2 to  site  5.  Average  concentrations  of  ammonium,  ortho- 
phosphate and  total  phosphorus  were  found  to  be  greater  at  the  bottom  than 
at  the  surface. 

3/  Theoretically,  a complete  exchange  of  water  will  take  place  in  Raystown 
Lake  every  229  days,  based  on  an  average  annual  Inflow  of  32m '/s. 


Fight  transmission  gradually  increased  from  site  2 to  site  r>,  as 
Indicated  by  Secchi  disc  transparencies.  This  was  attribnti'd  mainly  to 
t ho  settlement  ot  suspended-sediment  particles  and  a decrease  In  phytoplankton 
g rowt h . 

Concent rat  ions  ol  metallic  Ions  in  the  lake  bottom  water  near  t he 
dam  and  at  the  tunnel  out t low  indicated  no  toxic  levels  present. 

Algal  assays  conducted  on  the  surface  waters  Indicated  that  ortho- 
phosphate was  a growt  h- 1 itni  t Ing  nutrient,  and  nitrate  nitrogen  became 
growth,  limiting  when  sut  tic  lent  ort  hophosptut  e was  present. 

A gradual  decrease  in  chlorophyll  concentrations  from  site  to 
site  Indicated  a decline  in  lake  productivity  from  inflow  t o outflow. 

Plankton  sampling  during  the  study  period  was  insult  ie font  to  gain  a 
thorough  under st and  ing  ot  the  distrlbut ion,  diversity,  and  concent  rat  ion 
ot  plankton  populations  in  Raystown  hake.  Diatoms  were  t hi-  most  frequently 
collected  group  ot  phytoplankton.  Qualitative  analyses  Indicated  that 
.is  r . .’a  and  Q’lv/iv;  were  the  co-dominant  genera  present  In  most  ot 

the  samples.  Only  rarely  did  the  total  phytoplankton  cell  count  exceed 
100  cells/ml..  Few  zooplankton  were  observed  in  the  studv  period. 

Most  samples  at  the  lake  sites  tunl  very  low  densit  ies  of  both  fecal 
colltorm  and  local  streptococci  bacteria.  Most  local  colitortn  counts  were 
within  tin'  limits  established  by  the  Pennsylvania  Department  ot  Knv  i ronment a 1 
Resources  for  wat  or-oontaot  recreation. 

The  most  signit  leant  etlect  ot  the  impoundment  on  water  quality  was 
the  reduct  ion  in  concent  rat  ion  o'  organic  nitrogen,  nitrate  nitrogen,  total 
phosphorus,  or t hophosphat e , and  total  organic  carbon.  Ammonium  concen- 
t rat  ions  were  greater  at  the  int  low  than  at  the  out t low.  Spec  it  ic  conductance 
and  alkalinity  decreased  between  int low  and  outflow;  also,  the  Impoundment 
stabilised  the  seasonal  t (actuations  observed  tor  the  inflow.  Fecal  oollform 
and  local  streptococci  bacteria  were  essentially  eliminated  from  the  lake 
due  to  the  long  retention  time  of  the  water  and  the  characteristically 
rapid  dle-ot'l  rate  ot  these  enteric  bacteria.  Spatial  differences  were 
measured  in  temperature,  dissolved  'wgon,  and  pit  throughout  the  lake , 
but  comparison  ot  int low  and  outflow  data  showed  that  the  overall  effect 
ot  impoundment  on  these  three  parameters  was  ins ign i t leant . 
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GLOSSARY  OK  SELECTED  TERMS 


Aerate  (v) . To  charge  or  treat  with  air  or  other  gases,  usually  with  oxygen. 

Algae  (n) , algal  (adj).  A group  of  simple  primitive  plants  tliat  live  in  wet 
or  damp  places,  and  generally  are  microscopic  in  size,  containing 
chlorophyll  and  lacking  roots,  stems,  and  leaves. 

Aliquot  (n) . An  equally  divided  portion  of  a whole  sample. 

Assay  (n) . Quantitative  estimation  of  active  substances  by  the  amount  of 
their  actions  in  standardized  conditions  on  living  organisms  or  parts 
of  organisms. 

Bed  material  (n) . Lake  bottom  or  stream  bottom  substance,  usually  consisting 
of  a combination  of  clay,  silt,  sand,  gravel,  boulders,  or  solid  rock. 

1 

Biomass  (n) . The  weight  of  all  life  in  a specified  unit  of  environment. 

An  expression  dealing  with  the  total  mass  or  weight  of  a given 
community. 

Blue-green  algae  (n) . A group  of  algae  with  a blue  pigment,  in  addition  to 
the  green  chlorophyll.  Blue-green  algae  are  the  group  that  usually 
causes  nuisance  conditions  in  water. 

Decomposition  (n) . The  breakdown  of  the  dead  plant  and  animal  tissue  by 
bacteria  to  the  elemental  state. 

Dendritic  (adj).  A geometrically  shaped  body  of  water  that  is  highly 
branched  or  has  many  arms. 

Diatom  (n) . A group  of  algae  that  are  characterized  by  the  presence  of 

silica  in  the  cell  walls,  which  are  sculptured  with  striae  and  other 
markings,  and  by  the  presence  of  brown  pigment  associated  with  the 
chlorophyll. 

Diel  (adj).  Periodic  measurements  taken  throughout  a 24-hour  period. 

Dimictic  (n) . A lake  in  which  two  overturns  take  place  each  year — in 

spring  and  autumn;  thermal  stratification  is  inverse  in  winter  and  j 

direct  in  summer;  typical  of  lakes  in  the  temperate  zone  and  in  higher 
altitudes  in  subtropical  regions. 

Dinof 1 age Hate  (n) . Typically  a unicellular  alga  that  wims  by  means  of 
two  laterally  attached  appendages  called  flagella. 

Ecosystem  (n).  An  ecological  system  - the  Interaction  of  a group  of  living 
organisms  with  their  environment  and  the  exchange  of  matter  and 
energy  between  the  living  and  the  nonliving. 

Enteric  (adj).  Living  within  the  intestinal  tract. 
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Ep  ilium  ion  (n) . The  upper  relatively  warm,  circulating  zone  of  water  in  a 
thermally  stratified  lake. 

Euphotlc  zone  (n) . That  region  in  a body  of  water  in  which  there  is 
sufficient  light  penetration  for  photosynthetic  activity. 

Fecal  coliform  (n) . A bacteria  group  that  thrives  in  the  intestines  of 

warm-blooded  animals,  and  is  used  as  an  indicator  organism  for  recent 
fecal  contamination. 

Fecal  streptococcus  (n) . A bacteria  group  that  thrives  in  the  intestines 
of  warm-blooded  animals,  particularly  livestock  and  poultry,  and  is 
used  as  an  indicator  organism  for  recent  fecal  contamination. 

Green  algae  (n) . Algae  that  have  pigments  similar  in  color  to  those  of 

higher  green  plants.  Some  forms  produce  algal  mats  or  floating  "moss" 
in  lakes. 

Genus,  genera  (n) . The  taxonomic  category  consisting  of  species,  and  the 
first  part  of  the  scientific  name  of  organisms. 

Growt h (n) . The  increase  in  biomass  by  synthesis  of  living  matter. 

Homothermous  (adj).  Same  water  temperature  throughout  all  depths  of  the 
lake. 

Hypo limn ion  (n) . The  lower,  relatively  cold,  noncirculating  water  zone 
in  a thermally  stratified  lake. 

Ion  (n) . An  electrically  charged  atom  or  group  of  atoms  that  results  from 
the  loss  or  gain  of  one  or  more  electrons:  the  loss  of  electrons 
results  in  a positively  charged  ion  (cation),  the  gain  of  electrons 
is  a negatively  charged  ion  (anion). 

Limnetic  zone  (n) . The  euphotlc  zone  of  the  open-water  region  of  the  lake. 

Limnological  (adj).  The  physical,  chemical,  and  biological  aspects  of 
inland  waters. 

Littoral  area  (n) . The  shoreward  region  of  a body  of  water  where  there 
is  sufficient  light  transmitted  to  support  attached  vegetation. 

Meta limn ion  (n) . The  middle  layer  of  water  in  a thermally  stratified  lake, 
in  which  temperature  decreases  rapidly  with  depth. 

Microcrustacean  (n).  Microscopic  animals  of  the  class  Crustacea  which 
occur  in  the  plankton  of  fresh  and  marine  waters. 

Microorganism  (r.) . An  organism  that  is  invisible  or  barely  visible  to 
the  unaided  eye. 

Nitrogen  fixation  (v) . The  process  that  transforms  elemental  nitrogen  into 
forms  of  nitrogen  that  can  be  used  by  plants  in  protein  synthesis. 
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Nut  r lent  in)  . Any  chemical  element.  Ion,  or  compound  that  Is  required  by 
an  organism  for  the  continuation  ot  growth,  reproduction,  and  other 
life  processes. 

0 1 Igot  roph  1c  in) . Waters  of  low  nutrient  content  which  characteristically 
have  little  organic  production. 

Organ  ism  in).  Anything  that  is  alive;  that  is,  respiring. 

Overturn  (n) . The  process  in  which  lake  waters  become  completely  mixed. 

Ox idat ion  in).  The  process  in  which  oxygen  is  added  to  a substance  or  in 
which  an  element  loses  electrons. 

Photosynt  hes is  in),  photosvnt  hot  Ic  ladj).  A process  whereby  green  plants 
utilize  light  as  an  energy  source  and  convert  chemical  compounds  to 
carbohydrates.  In  the  process,  carbon  dioxide  is  utilized  and 
oxygen  is  released. 

rhytoplankton  in).  Plant  microorganisms,  such  as  certain  algae,  living 
unattached  in  the  water. 

T lankton  in).  The  community  ot  suspended  or  floating  organisms  that 
drift  passively  with  water  currents. 

Product iv lty  in).  The  total  amount  of  organic  matter  produced  from  raw 
materials  in  an  area  per  unit  time. 

Keduct ion  in).  The  process  in  which  oxygen  is  lost  from  a substance,  or 
in  which  an  element  gains  electrons. 

Kot if er  fn).  A group  of  many-celled,  microscopic,  aquatic  Invertebrate 
animals  of  the  zooplankton. 

Secchi  disc  in).  A circular  metal  plate,  JO  centimeters  in  diameter,  flu- 
upper  surface  of  which  is  divided  into  four  equal  gradrants  and  so 
painted  that  two  quadrants  directly  opposite  each  other  are  black 
and  the  intervening  ones  white. 

Set!  intent  in).  Fragmental  material,  both  mineral  and  organic,  that  is  in 
suspension  or  is  being  transported  by  the  water  mass  or  lias  been 
deposited  on  the  bottom  of  the  aquatic  environment. 

So »t on  in).  The  mass  of  various  living  and  nonliving  substances  in  the  water, 

Spec i t lc  c endue t ane e in).  A measure  ot  the  ability  ot  a water  to  conduct 
an  electrical  current  and  is  expressed  in  micromhos  per  centimeter 
at  25*C. 


Faxonomtc  ladj).  Having  to  do  with  the  class  i f ic.it  ion  and  naming  ot 
organisms. 


stage  of 


Trophic  state  (n) . Having  to  Jo  with  nutritional  status  (i.e, 
eutrophieat ion) . 


Trophogenic  zone  (n) . The  surficial  stratum  of  a lake  m which  organic 
production  from  mineral  substances  takes  place  on  the  basis  of 
light  energy. 


Tropholytic  zone  in).  The  deeper  parts  of  a lake,  where  organic  decomposition 
predominates  because  of  light  deficiency. 

Zooplankton  (n) . Animal  microorganisms  living  unattached  in  water. 
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